BIOCHEMICAL SOCIETY TRANSACTIONS measures total flux whereas the incorporation of acetate may reflect events essentially unconnected with the rate of cholesterogenesis, we consider that the results obtained in vivo are more representative of physiological events.
Phosphorus n.m.r. (nuclear-magnetic-resonance) spectra of intact tissues provide information about the concentrations, co-ordination and interconversions of phosphorus-containing metabolites (Moon & Richards, 1973; Hoult et al., 1974) . The shape of any particular signal can indicate the number of environments in which the corresponding compound finds itself. It is thus a monitor for compartmentation of that compound. The present communication shows that phosphorus n.m.r. studies of muscle can give information about (a) the compartmentation of P, in the tissue, and (b) variations in phosphate metabolism between different muscle types. Fig. 1 shows phosphorus n.m.r. spectra of a rabbit intact white muscle from the hind leg, recorded 20 and 90min after excision. In each spectrum the Pi signal is much broader than that of creatine phosphate. The linewidth of the phosphate resonance increases with time after excision, and after 90min the signal has two components. In addition, the phosphate signals shift to lower frequency owing to acidification of the sarcoplasm caused by lactic acid accumulation. The linewidth of the creatine phosphate signal, however, is time-independent.
To establish that the anomalously broad phosphate resonance of each spectrum is not a result of a powerful relaxation mechanism, we have measured the transverse relaxation time, T2 of phosphate magnetization using a multiple-pulse sequence (Carr & Purcell, 1954; Meiboom & Gill, 1958) . The value obtained for Tz is about looms, which corresponds to a linewidth of only 3 Hz. As the observed resonance has a width of approx. 50-200Hz (depending on time from excision of the tissue), we conclude that the signal from phosphate in muscle consists of many narrow and partially overlapping components. The ions must therefore be partitioned among a large number of environments. The frequency observed for phosphate ions in each environment is different. This heterogeneity may occur within the individual cell or between muscle fibres. Since the resonance position of phosphate is very sensitive to pH, it is possible that a distribution of pH within the muscle could account for the observation, The multicomponent phosphate line-shape, which is measured 90min after excision of the muscle, would be produced if phosphate experienced one set of environments with pH values ranging around 6.8 and another set with pH values around 6.4. This would be consistent with the narrowness of the creatine phosphate signal: as its pK. is 4.6, the resonance position in unaffected by small variations in pH around neutrality. Frequency shifts can be generated by effects other than pH (Dwek, 1974) ; a distribution of H+ concentration is merely the most plausible explanation presently available.
Further evidence for the existence of multiple environments for Pi has been obtained from experiments with 'dialysed' muscle. Muscle samples were first washed extensively to remove all metabolites and subsequently immersed in a phosphate buffer. The Pi n.m.r. signal was multicomponent and its shape depended on the pH of the buffer. The observed linewidth was approx. 60Hz whereas Tz measurements gave a value of only 3 Hz for this parameter. Fig. 2 shows phosphorus n.m.r. spectra of a rabbit semitendinosus (' red' ) muscle recorded 20 and 90min after excision. The muscles used for the spectra shown in Figs. 1 and 2 were obtained from the same leg of a rabbit. As the red muscle ages, the phosphate resonance shifts slightly to lower frequency, again owing to lactic acid accumulation. However, in the red muscle, the phosphate resonance does not broaden and become multicomponent, and there must therefore be differences between the modes of phosphate compartmentation between the red and the white muscle. The greater simplicity of phosphate compartmentation in red muscle is also reflected in the spectra of 'dialysed' red muscle.
Phosphorus n.m.r. reveals two further differences between the red and the white level muscles. First, the initial creatine phosphate concentration is lower in the red muscle. This is consistent with the role of creatine phosphate in the operation of the two types of muscle. It is accumulated in white muscles to provide energy during short bursts of activity, for example during escape from a predator. In contrast, the red muscle operates continuously at low power; for example, the semitendinosus is used in the maintenance of posture (Newsholme & Start, 1973) . Secondly, the red-muscle spectra show a signal The spectra were recorded and the peak assignments given as described in Fig. 1 . ' ? marks the position of the unassigned resonance.
which does not appear in those of white muscle. Its frequency and amplitude indicate that this red muscle contains about 4~0 1 of a phosphodiester/g (wet weight). This metabolite has been partially purified from extracts of freeze-clamped semitendinosus muscle. Present evidence suggests that the compound is a derivative of glycerophosphorylcholine. Its phosphorus resonance frequency is identical with that of glycerophosphorylcholine itself.
Our experiments provide a direct view into the 'life' of the muscle cell. As well as giving important insights into the state of metabolites in situ, they raise two interesting questions. What are the sites of compartmentation of Pi in muscle? What is the nature of the unidentified metabolite? These questions are the target of our immediate research efforts.
